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Abstract
The U.S. electric power industry is anticipating a huge increase in electricity demand in
the future due to reformation of the transportation industry. In this work, we focus on electric
cars and their impact on the transportation industry as well as the electric grid. The increase in
number of electric cars over the years and their growing number indicates that in the future,
transportation means are going to largely depend upon electricity to achieve cost and
environmental benefits. In other words, in future, the transportation will be impacting the electric
grid and vice versa.
The surge in electric vehicles on streets particularly in New York City requires the
charging infrastructure to support the electricity demand, and mandates proper planning for the
electric power grids to keep them upgraded and resilient enough to support the growth in electric
vehicles load.
In this thesis, the historical minimum and peak load demand data of areas served by
Consolidated Edison, an energy company, in New York City have been collected, processed and
analyzed to analyze the performance of the future electric grid. The available data of electric
vehicles and parking spaces in different regions of New York City were analyzed to study the
impact of electric vehicles on future power infrastructure in the City. Also, the charging and
parking behavior of vehicles in New York City was analyzed to determine how the time of
charging will impact the electricity demand at the different hours of the day at different locations
in New York City, and to find ways to minimize the demand in areas where the electric grid
network is congested.
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It was also concluded that in the future, after phasing out of a portion of the gasoline fleets,
electric vehicles will be able help to reduce the greenhouse gasses and conserve the environment
and help the City and State of New York’s initiatives to achieve their goals of sustainability.
Last but not least, more than eighty percent of the New York City electric infrastructure
is underground, which means when the demand in peak hours of summer requires upgrading and
increasing the feeder capacity, it will require massive capital investment. So, electric vehicles
can be used as Energy Storage Resources and can be utilized if needed to shave the peak
demand. The data has been analyzed to find out the kind of infrastructure required and the
potential locations in different areas of New York City to use the electric vehicles as distributed
energy storage resources.
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1. Introduction
Electricity is produced from diverse primary energy sources. For steam generation, fossil
(coal, oil) or nuclear (enriched uranium) fuels are usually used. A further fossil energy carrier is
gas which is converted to mechanical energy in gas turbines [1]. Due to economic,
environmental, technological, and availability reasons, it is not feasible to cover the overall
electric power demand of large load centers – such as cities, agglomerations and industries –
locally. Therefore, a major part of electric power is produced in remote power stations and
transmitted to the consumers through electric power lines, which constitute the power grid [1].
On the other hand, penetration of electric vehicles (EV) will demand a better infrastructure
to accommodate the increasing burden of electrical loads on the distribution network of the
power grid. EVs are important to clean transportation, but a shift from fossil fuels to the electric
grid as the primary supplier of energy for transportation will likely pose new challenges for
utility providers with regard to peak power management [13]. EVs will penetrate in large
numbers due to various government initiatives and tremendous ongoing research in the battery
technology. They are convenient, sleek, quiet, and less polluting to the environment. Once, EVs
penetrate in large numbers, batteries will have to be charged from the distribution network which
will cause distribution feeder congestion. The excess energy of the battery can be utilized as a
distributed generation system and can further be used to support the grid in terms of voltage and
peak shaving. This process of utilizing the excess energy of the battery to support the grid is
known as Vehicle to Grid (V2G) [2] [3].

1.1. Background
The electric power distribution in New York City, which is the world’s oldest and largest
underground electrical system, is largely complex. The growing number of electric vehicles in
New York City and State will increase the electricity demand in the future and hence will impact
the electrical system performance [4][7][18]. The utility company’s approach to address the
overload condition varies according to various circumstances. The company either adopts
traditional Utility-side solutions or nontraditional customer-side solutions. The utility-side
solution consists of increasing the grid or feeder level capacity and building new substations.
This solution requires big capital investment. And the customer-side solution is to reduce the
load demand by installation of distributed generation, giving awareness to customer to use
efficient technology and the time of use to shave the peak time demand [5]. The transportation
sector accounts for approximately 40 percent of New York State’s combustion-based greenhouse
gas (GHG) emissions [12][13]. Electric Vehicles have the potential of reducing fossil energy
consumption and green-house gas emissions, increasing the penetration of sustainable energy
sources such as solar energy and wind energy into our daily life [3], as well as lower total energy
costs [12][13].

1.2. Electric Vehicle
Unlike vehicles with combustion engines, electric vehicles do not produce exhaust gases
during operation. This alone makes electric vehicles more environment-friendly than vehicles
11

with conventional technology. However, the electrical energy for charging the vehicle has to be
produced from renewable sources, e.g. from wind, solar, hydroelectric or biogas power plants
[6]. There are various factors affecting the adaptation of electric vehicles as opposed to the
traditional internal combustion engine vehicles.

ECONOMY

POLITICS

TECHNOLOGY

ELECTRIC
VEHICLE
ENVIORNMENT

INFRASTRUCTURE

SOCIETY

Figure 1.1 Factors Affecting Electric vehicles
As shown in Fig. 1.1, the environmental factors include climate change, reduction of CO2
emissions, reduction of noise emissions and awareness of consumption of raw materials. The
politics include international specification for emissions limits, introduction of low emissions or
emissions free zones and development plans and subsidies. The economic factors include limited
oil reserves and rising price for fossil fuels. The technological reasons such as technical
advantages of electric motor compared with internal combustion engine, increase in efficiency
and High Voltage safety. The infrastructure aspects such as Comprehensive infrastructure to
supply energy for electric vehicles at home, work and on the road. The social factors include
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growing mobility, increasing acceptance towards electromobility, increasing demand for vehicles
with lower consumption and emissions and increasing Urbanization [6]. This leads us to believe
that the electric vehicles are the future and the timely planning support the electricity demand in
terms of charging infrastructure is essential.

1.3. Vehicle to Grid (V2G)
With the advent of Vehicle to Grid (V2G) technology, EVs can also discharge power to
the grid [10]. V2G chargers enable the electric vehicles to back feed to the utility by discharging
the EV battery. V2G offers two-way communication and two-way energy flow with the grid
through the meter. V2G chargers are currently the most capable of all smart chargers. V2G also
requires that the vehicle itself be capable of two-way power flow. V2G lets utilities use EVs as a
new type of distributed grid resource, offering several potential services and revenue streams.
V2G’s technical feasibility is a work in progress, however; for example, cyber security issues
have not yet been fully addressed [8].
Through V2G, EVs become grid-connected energy storage devices. This could be
especially important as a cost-effective solution to renewable energy’s energy storage
requirements [22]. With the appropriate markets in place, purchasing and trading EVs as grid
resources might accelerate the energy storage market and promote EV adoption. So, while
individuals and businesses may buy EVs primarily for transportation purposes, their energy
storage capability could provide a source of revenue for the customer, utility, and grid operator.
Effective V2G deployment will require vehicle manufacturers, vehicle owners, and grid
operators to share costs and benefits. By enabling EV owners to sell energy back to the grid,
V2G should reduce the total cost of EV ownership and offset any added purchase costs relative
to internal combustion engine vehicles. V2G can also provide supplementary services that
support power grid operation and reliability. V2G is capable of providing nearly instantaneous
spinning reserves and voltage or frequency response [9].

1.4. Thesis objective
As the battery technology, charging techniques and charging infrastructure evolve, this
will give the future EV owners the flexibility of charging and long-mile driving range. Also,
when people will become more aware about the environment and limited natural resources, the
adaptation of electric vehicles with higher rate is anticipated.
Therefore, this thesis is focused on the feasibility of electric vehicles and its charging
infrastructure in New York City. Real data from the utility company, consolidated Edison, have
been used to analyze the future load demand created by EVs and the needed charging
infrastructure to support the growing EV in NYC.
In addition, the data of substations were analyzed to find the potential locations for
required V2G enabled charging infrastructure to support the grid in the event of peak congestion
and high EV penetration. Also, the comparison in terms of cost and carbon emission has been
done in between EV and traditional vehicle.
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1.5. Thesis Layout
The rest of the thesis has been organizes as follows. Chapter two introduces the electrical
infrastructure including Coned distribution in NYC. Chapter three focuses on the factors
affecting the future of electric grid and vision of future electric system and EV. Chapter four
explains the historical Con Edison load data and its analysis to find the potential locations to
install the Electric Vehicle Charging Equipment. Chapter five investigates the policies and
initiatives in NYC, the EV emission and cost comparison with traditional gasoline vehicle.
Finally, Chapter six summarizes some of the findings of this thesis.
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2. Electrical Infrastructure
Electric power is essential to modern society. Economic prosperity, national security, and
public health and safety cannot be achieved without it. Communities that lack electric power,
even for short periods, have trouble meeting basic needs for food, shelter, water, law, and order.
In 1940, 10% of energy consumption in America was used to produce electricity. In 1970, that
fraction was 25%. Today it is 40%, showing electricity’s growing importance as a source of
energy supply. Electricity has the unique ability to convey both energy and information, thus
yielding an increasing array of products, services, and applications in factories, offices, homes,
campuses, complexes, and communities. The economic significance of electricity is staggering.
It is one of the largest and most capital-intensive sectors of the economy. Total asset value is
estimated to exceed $800 billion, with approximately 60% invested in power plants, 30% in
distribution facilities, and 10% in transmission facilities [14].

2.1. Consolidated Edison Transmission and Distribution
The world’s first centralized electric generation and distribution system was developed in
New York City in the 1880s, by Thomas Edison [24]. Con Edison operates an underground
electricity distribution system for Manhattan and the denser areas of the Bronx, Queens, and
Brooklyn. This underground distribution system accounts for 86% of the load and 82% of the 3
million customers in Con Edison’s citywide electric system (including all 8.3 million New
Yorkers and approximately 250,000 businesses). The remainder of the City is serviced by an
above-ground overhead radial and loop system. In the Rockaways, the above-ground electricity
system is operated by Long Island Power Authority. Con Edison’s underground electrical lines
connect 24 generating facilities and 16 import lines (that originate outside New York) to 24
transmission substations and more than 50 area substations [20]. The utilities’ distribution
systems consist of feeder lines that originates from ―area substations,‖ which are smaller than the
transmission substations. Area substations typically serve one or two neighborhood-level
―networks‖ or ―load areas‖ of customer demand, each of which includes tens of thousands of
customers. In densely populated areas, such as Manhattan and certain portions of the other
boroughs, the distribution system that carries power from area substations to end users consists
of underground network systems—that is, systems that operate as a grid that can serve customers
via multiple paths. In the rest of the city, the distribution system consists of a combination of
underground and overhead loop systems and radial lines—that is, systems with simpler
architecture, though also with fewer redundancies. These loop systems and radial lines account
for about 14 percent of load on Con Edison’s distribution system. Customers ultimately receive
electric power through service lines that are connected to their building’s electrical equipment. In
many cases, high-rise buildings or campus-style complexes have dedicated transformer
equipment that serves these individual customers. This equipment is typically located in vaults
beneath area sidewalks [24].
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Figure 2.1 Today’s Power Grid [22]

2.2. Load Side Demand Management
Demand-side management (DSM) uses price signals to encourage EV charging when
demand on the grid is low, and smart-charging programs that directly control EV charging; DSM
mitigates power system impacts that the additional load from EVs introduce. All of the State’s
major electric utilities offer voluntary time-of-use (TOU) rates to encourage energy use when
demand is low. Adapting these programs for EV charging is a logical next step. Smart-charging
advances the load leveling potential of EV charging, and could even support greater integration
of intermittent renewable energy resources. Further development and oversight of rate structures
and dynamic pricing approaches for EV charging represent the first steps in the development of
grid interactive EVSE and EVs as DERs. Another potential behind-the-meter benefit of EVs as
DERs is through vehicle-to-building (V2B) applications. V2B systems can include renewable
storage for buildings with solar or wind generation and energy arbitrage (buying power when it
is abundant and storing it for use when power is in limited supply). EVs also have the potential
to store electricity for emergency use during a power outage, for residences and also at
emergency shelters [13].
The New York Independent System Operator (NYISO) has developed several demand
response (DR) programs that allow demand resources to participate in wholesale markets and
offer incentives for curtailing load when reserve capacity drops below what is required for
reliable operations. NYISO has also established market structure and rules enabling the
participation of Limited Energy Storage Resources (LESRs) in their wholesale markets. Both DR
programs and LESR participation enable load reduction and behind-the-meter energy storage
systems to compete as an alternative to generating resources in the wholesale markets [13].
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2.3. Electric Vehicle Charging Systems
EV charging systems allow the transfer of energy from the electric grid, through electric
vehicle supply equipment (EVSE), and into the vehicle battery storage. Figure 2.2 depicts
alternating current (AC) EVSE; essentially a safety and control device that establishes a
communication link with the vehicle to deliver power through the charging cord and connector,
when charging is needed. It also monitors the flow of electricity for safe operation. The power
delivered to the vehicle inlet port is then routed through on-board battery charging systems to
rectify the AC power into direct current (DC) for storage in the battery. Fast-charging DC EVSE
operates similarly, but inverts AC to DC power off-board the vehicle, and delivers high-voltage
direct current, typically around 400 volts (V), straight to an EV’s battery system [13].

Figure 2.2 Electric Vehicle Charging System

Electric Vehicle Types
Different kinds of electric vehicles process power in different ways. The car you choose will
determine how often you need to use your home power supply to charge your car [18].
2.3.1. Plug-In Hybrid Electric
Use both gasoline engine and a battery-powered electric motor. The battery is charged by
electricity generated by the brakes and by plugging in the car.
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Figure 2.3 Plug-in Hybrid Electric
2.3.2. Battery-Electric
Also called all-electric vehicles, they rely solely on electric motors to make them go.
Large Batteries give them a longer range. They need to be plugged into a power source to
charge.

Figure 2.4 Battery-Electric
2.3.3. Extended Range
A gasoline engine powers a generator that charges the battery, and an electric motor turns
the wheels. They run solely on electricity until the battery is depleted.
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Figure 2.5 Extended Range

2.4. Types of Electric Vehicle Supply Equipment
There are three distinct levels of EV charging in widespread use—Level 1 (120V), Level 2
(208 / 240 V), and DC fast charging (208-480 V). Table 2.1 lists their specifications and the
subsequent sections provide further description. Using common standards for charging has
greatly aided the adoption of EVs and the development of charging infrastructure. Figures 2.6
through 2.8 provide charging method examples.

Table 2-1 EV Charging Levels
Charge Method

Nominal Supply
Voltage

AC Level 1
AC Level 2

120 VAC, 1-Phase
208-240 VAC, 1 or 3
Phase
208-480 VAC, 3 Phase

DC Fast Charging

Branch Circuit
Breaker Rating
(Amps)
15 (minimum)
40-48
Up to 200

Charging Power

~ 1.5 kW
3.3-7.7 kW for most EVs;
Tesla Up to 20 kW
25-50 kW;
Tesla Up to 100 kW

2.4.1. Level 1 Charging (120V)





EVSE unit comes standard with vehicle.
Vehicle coupler: Standard SAE J1772 connector, which is compatible with all EVs,
except Tesla (has its own adapter).
Power supply connection: Standard 120 V outlet.
Charge time is 7+ hours, depending on the vehicle.
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Figure 2.6 Example of Level 1 Charging
2.4.2. Level 2 Charging (120/240V)





EVSE unit usually purchased separately from vehicle. Many vendors offer equipment
(ChargePoint, Clipper Creek, Eaton, GE, Leviton, Aerovironment, Bosch, and others).
Vehicle coupler: Standard SAE J1772 connector, which is compatible with all EVs,
except Tesla (has its own adapter).
Power supply connection: Often hardwired, but several EVSE vendors offer plugconnected units for different NEMA standard receptacle types.
Charge time is 4 - 8 hours, depending on the vehicle.
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Figure 2.7 Example of Level 2 Charging

2.4.3. DC Fast Charging (208V)






Intended for high-use locations. Limited to certain EVs equipped with this capability.
More expensive equipment and high power connection required.
Converts AC power to DC outside the vehicle for direct DC connection to charge the EV
battery.
Vehicle coupler: SAE Combo, CHAdeMO or Tesla Supercharger connectors, depending
on vehicle model and options.
Power supply connection: Hardwired 3-phase power typically required, depending on
equipment.
Charge time is 80 percent charge in about 30 minutes.

21

Figure 2.8 Example of DC Fast Charging
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3. Factors Affecting the Future of Electric Grid
Of the many factors shaping the future conditions of the electric grids over the next 10 to 20
years, which will be more important drivers towards a modernized and expanded electric system,
the public policy is one of the most significant drivers. Another significant driver concerns the
regulation of the environmental, public health, and safety consequences of electricity production,
deliver and use. This includes air pollution, greenhouse gas emissions, land use, and water
impacts. Aging infrastructure, another driver affecting the future of the electric system. the aging
infrastructure coupled with demand increases and more stringent environment requirement could
accelerate turnover of capital assets, including generation, transmission and distribution facilities
[14].

3.1. EV Effect on Electric Grid
Imagine driving home from work in your electric vehicle (EV). You park in your garage,
and plug the car into your Level 2 charging station. With a remote command from the local
distribution utility, your car which has remaining stored energy starts powering your house to
avoid overloading your neighborhood circuit. You cook dinner and light your home for a few
hours in the evening, before your vehicle begins to provide regulation frequency for the grid.
This benefit to the grid earns you money, and will show up as a credit on your electric bill. Your
car then recharges for a few pennies per kilowatt-hour (kWh) during the middle of the night, and
you awake to a fully charged vehicle ready to provide you with transportation, emergency power
backup for your house, and a small amount of income on the side from participating in the
ancillary services market [13].
As electric vehicle penetration increases, utilities and regulators will be interested in the
effects the incremental EV charging load will have on the electric grid. Two impacts must be
addressed: the impact on generation capacity and the impact on the transmission and distribution
system. The impact on generation will be related to the change in peak demand caused by
charging electric vehicles, so both the magnitude and timing of the additional load must be
considered. The impact on transmission and distribution will require the additional knowledge of
the exact locations of charging vehicles, as well as the magnitude and timing of the load. The
incremental load from electric vehicles in a given time frame will equal the load per vehicle,
summed up over total number of vehicles charging at a given time. The load per vehicle while
charging requires two pieces of information: charging rate and time required to fully charge the
vehicle. The time required to charge the vehicle equals the energy consumed per charge divided
by the charging rate. Thus, the main factors that will determine the impact on the electric grid are
penetration of electric vehicles, spatial distribution of vehicles when charging, time of day
vehicles charging occurs, energy consumed per charge, and charging rate. Using estimates of
these five factors combined with the layout of the distribution network and baseline electricity
demand, one can assess the effects on the grid [17].
A study by the Electric Power Research Institute (EPRI) for NYSERDA concluded that
impact of EV charging will largely occur at the distribution level and not at the bulk system
level. The study’s preliminary market assessment indicated that EVs have a likelihood of
23

―clustering‖ within discrete locations, magnifying the impact of EV charging on distribution
transformers and other distribution system components.
To ensure adequate infrastructure is in place to handle the additional charging load, EVSE
siting will need to be coordinated with utilities. Further, the development of a program to notify
utilities of EV purchases is within the realm of the State’s jurisdiction, and will help utilities
prepare at the distribution level, as necessary [13].

3.2. Vision of the future electric system and EV
New York City has consistently embraced new transportation technology to make itself a
better city. The City went from having no subways in 1904 to one of the world’s largest systems
in less than a decade. It embraced efficiency and improved public health by moving from the
horse and buggy era to the age of the automobile. It revolutionized how American’s drive by
creating the Parkway, and it grew cleaner as its cars and trucks transitioned from leaded to lead
free gasoline. Electric vehicles present a similar opportunity to make our city cleaner and more
competitive. Though New York has the lowest per‐capita vehicle miles travelled of any major
U.S. city, its overall size and density mean its roads are some of the country’s most congested.
Over 2.5 million vehicles drive into and out of Manhattan every day. Electrifying those vehicles
would help New York City meet its air quality goals and reduce its greenhouse gas (GHG)
emissions.
The EV adoption and infrastructure development will increase statewide, and explores the
opportunities made possible by a grid-interactive vehicle infrastructure. Grid-interactive EVs that
can act as flexible, distributed energy resources (DERs) can contribute to a more reliable,
resilient, and sustainable grid in which generation and demand are ultimately decoupled. By
providing storage capacity and a flexible load, grid-interactive EVs could allow greater
integration of renewable resources and enable more efficient use of generation, transmission, and
distribution assets [13].
In addition to representing new demand for electricity and contributing to the more
efficient use of existing infrastructure, EVs also have the ability to contribute to grid reliability as
a resource in wholesale markets. Because the power grid is very limited in its capacity to store
electricity, as the grid relies on stored chemical (e.g., natural gas) and potential (e.g., hydro)
forms of energy, most of the power produced must be used at the exact moment it is produced. In
regions with competitive wholesale markets, the grid operator is responsible for managing and
maintaining perfect balance between generation and demand [13].
To better understand EV’s potential, in January 2010 the City released an electric vehicle
consumer adoption study. That study looked at the City’s grid, EV technology, driving patterns,
and consumer preferences to see how EVs can work in New York. The study found that over
20% of New Yorkers are potential early EV adopters. They have dedicated parking, an interest in
the technology and a willingness to consider the vehicle’s total cost of ownership along with the
potentially higher upfront cost. The study also examined the city’s power system and found that
it is suited to EV adoption. New York City has extra off hour distribution capacity and low‐
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carbon generation that increases the climate change benefits. Both because of market potential
and environmental gains, EVs are a good match for New York City [15].
The City has an active role to play in spurring EV adoption through its purchasing power,
ability to educate the public, and focus on making charging accessible. Over the last five years, it
has implemented the top two recommendations from its EV study, increasing access to charging
and increasing information and awareness about electric vehicles. It has also greened its own
fleet and supported local businesses doing the same. Its actions fall into three broad categories:
1. Conducting public outreach
2. Increasing access to charging, and
3. Improving vehicle economics
3.2.1 Public Outreach
To raise electric vehicle awareness the City and Empire Clean Cities created a new online
communication tool at http://nyc.missionelectric.org. Mission Electric helps explain the value
and attributes of electric vehicles to New Yorkers. Mission Electric is built on three insights, two
of which were derived from the City’s consumer research study and one from experience
collaborating with the local garage industry. The first insight is that there are many potential
early adopters who still lack a basic understanding of electric vehicles. Simply raising awareness
of electric vehicles will push these potential early adopters towards a purchase. The second is
that early adopters want to be part of a group. Mission Electric, an online social engagement tool
that allows residents to vote on the location and composition of EV programs, helps foster that
community. Because siting infrastructure on a hyper‐ local scale is difficult, crowd‐sourcing also
has the benefit of helping identify demand. The third insight, learned from the garage industry’s
response to a Mayoral event announcing charging in garages, is that the private sector wants
recognition. The imprimatur of impartial government and non‐profit parties has the ability to
gain them more green credit than they would otherwise receive [15].
3.2.2. Access to Charging
To increase charging access, the City has pursued three goals: determining whether new
parking facilities can be designed ―EV ready‖, finding a pathway for economically sustainable
curbside charging, and reducing the electricity costs of overnight charging. Building new parking
with EV readiness may allow the City to vastly increase access to charging. An average of
10,000 new parking spots are built a year in the city, and few to none are currently being built
with electric vehicles in mind. Accommodating EV charging at these spots in the future could
necessitate expensive retrofits and create coordination problems between garage managers,
developers, building owners, and EV drivers. Requiring that a certain portion of new parking
spaces be developed ―EV ready‖ by laying conduit and reserving electric panel capacity, as cities
like Vancouver and London do, would reduce the incremental cost of providing charging. This
can be accomplished through amendments to the building code.

25

Forty percent of New Yorkers park on the curb, so providing charging will eventually
become a necessity if the EV market grows to scale. Identifying the geographic potential and
economic challenges of fast charging is the last initiative to improve charger access. The City
and other stakeholders looked at specific locations and zones along local travel routes to
determine their compatibility with fast charging. The City found nearly 500 properties it owns
within 1⁄2 mile of major highway exits that could be harnessed for fast charging. As part of its
work on an electric taxi pilot, the City also analyzed the sources of high costs associated with
fast charging and how energy management techniques such as load shedding could make fast
charging more affordable and thereby accessible [15].
In addition to the expanded use of controlled charging equipment, complementary rate
structures are needed to incentivize charging during off peak times. Also, The New York utilities
and PSC should pursue pilot offerings through both TOU rates and off-peak charging rebate
programs. Information collected from these pilot programs will help determine which rate
structures and incentives are most effective at encouraging off-peak EV charging. As EV
penetration in the State reaches numbers where their potential as storage is viable, well-designed
rate structures and incentives will facilitate EV’s role as DERs [13].
3.2.3. EV Economics
When looking at how to improve the economics of EV adoption the City studied
problems that it had either already encountered or thought that it may be uniquely positioned to
solve. The first is incorporating electric vehicles into car share by simulating how EVs would
perform using the City’s actual car share data. Car share vehicles have high utilization, which
improves the financial viability of EVs. As an electric vehicle is used more, its lower operating
costs reduce its per‐mile total cost of ownership. However, there are concerns about whether
electric vehicles are a good operational match for car share. Range anxiety, the concern that an
empty battery will cause a vehicle to become stranded, is an even larger issue for communal
vehicles, either those in car share or a fleet, since business depends on the certainty of
operations. The vehicles have frequent daily trips by potentially different drivers who therefore
are less able to know if a vehicle will have sufficient charge for his or her needs. New York City
used data from its 2010 pilot as a fleet customer of the car share company Zipcar to simulate how
EVs would perform using actual trip data. A sequential matching algorithm showed that 577 out
of 582 trips, or 99 percent, would be possible with current battery electric vehicles. In this case,
concerns about electric vehicles insufficient range are not grounded. This tool can be used not
only by New York to advocate for more EVs in its car share contracts but by other cities and
fleets as well. It requires minimal data, easily obtainable through on‐board diagnostics or through
analytics such as Zipcar’s Fast Fleet program.
Electricity prices are the second largest driver of a vehicle’s total cost of ownership. To
help reduce those, City and Con Edison have worked together to allow consumers to access
cheaper overnight and off‐peak electricity. The City’s first steps included providing a waiver
from regulations that prevented a homeowner from installing a 2nd electric meter. Using two
meters a homeowner can charge his or her EV using time of use (ToU) rates that are up to 92
percent cheaper than the standard residential flat rate. The second initiative, spearheaded by Con
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Edison, allows cost‐effective sub‐metering, providing the benefits of a 2nd meter (and additional
smart grid features) with less additional wiring and lower upfront costs.
Finally, the City extensively researched the potential of vehicle to grid / vehicle to
building technology (V2G/V2B). V2G/V2B, which harnesses a vehicle’s battery to supply
electricity, has the potential to not just reduce the cost of operating an EV, but also help it
generate revenue or avoid other electricity expenses. Because New York City’s EV fleet includes
over 3000 vehicles and is growing [4], it has the opportunity to help make the market for this
technology. Though the technology is not yet commercialized the City can take steps now to
make itself future‐proof, namely by wiring its chargers with larger diameter conduit. This low
cost measure will make it cheaper to upgrade when V2G/V2B matures [15].
An important mechanism at the State level is regulation by the PSC to ensure that EV
owners/operators have access to appropriate dynamic pricing and TOU rates that adequately
incentivize off-peak charging while limiting additional expenses such as separate meter fees,
which erode the financial benefits of off-peak charging. Without such charge-control
mechanisms, EVs have the potential to, for example, contribute to summer peak load if EV
owners arrive home with their vehicles at 6:00 p.m. and commence charging [13].
Managed charging is essentially a combination of infrastructure and communication
signals sent directly to a vehicle or via a charger to control a charging event. Indirect efforts to
manage charging patterns rely on customer response behavior. For example, EV time-of-use
(TOU) rates provide predetermined price signals to influence when a customer charges a vehicle.
The communications signals used in managed charging enable a utility or third party to reduce
the rate of charge or curtail it entirely, such as during a high load event on the grid. Managed
charging is different than vehicle to grid (V2G) dispatch, that is, the use of a plugged in EV with
available charged battery capacity to back feed power to the grid. V2G can potentially provide
services to the grid in exchange for financial compensation to the vehicle owner. There are
several demonstration projects around the country, but V2G is still more conceptual than
commercial. While V2G technology is likely to develop over time, it will require additional
elements for widespread adoption, such as approval/consent of vehicle manufacturers so as to not
invalidate warranties and usage guidelines, additional hardware expense for AC/ DC2 conversion
and control, and interconnection permits and engineering/technical requirements of local grid
operators/utilities. [26].
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Figure 3.1 Tomorrow's Power Grid [22]
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4. Analytics
4.1. Load data and Substation capacity
According to Con Edison, today’s power grid has enough capacity to charge up to 230,000
vehicles without any major upgrades, provided most charging occurs off‐peak. New York City’s
power consumption is highly variable and while the grid is fully utilized on hot summer days it
has spare capacity at night and in the early mornings. Encouraging charging in those off‐peak
hours will allow the company to minimize network upgrade costs for its ratepayers [15].
The 8760 hours historical data from Con Edison have been taken to analyze the maximum
and minimum load curve at substation level in NYC. The data shows that there are several
locations where peak demand will touch the substation capacity in few years [21]. A excel file
containing all load and substation data has been developed to analyze the future load demand in
different load areas in New York City under different scenarios. For example, Figure 4.1 shows
the load demand in city hall load area of Manhattan on 4th of July. There are assumptions which
have been discussed in next section.
4.1.1. Base Case
The base case analysis point in figure 4.1 is that the 24 hours load profiles on a random
day of summer has been taken for observation and it was assumed that the EVs are charging on
twenty percent of the total available parking space in that particular area which can be seen on
grey curve. The charging and driving pattern of the EVs have been taken into consideration
which is discussed under the different scenarios. The per EV load has been assumed to be
constant.
The ConEd load profile data of the critical locations are shown in Appendix C.
This type of analysis has been performed on each and every load areas of all five
boroughs of New York City. The most critical load areas have been identified for the purpose of
V2G enabled EVSE requirement in those areas to support the grid in case of the congestion in
future which is discussed in section 4.6.
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Figure 4.1 Load Data City Hall Manhattan
4.1.2. Parking and Driving Behavior
The Charging behavior as mentioned in detail in section 4.4, it has been assumed that 75
percent of charging will be in night time after 7pm. And those 75 percent of the vehicle will be
fully charged in morning. Remaining vehicle will be charged in the peak hours of the day time.
This 25 percent charging assumption is based on the in transit out of charge condition as
mentioned in section 4.6.
Figure 4.2 shows the parking capacity with assumptions mentioned in section 4.3. Figure
4.3 shows the load profile of one of the forecasted congested load area in case when the charging
behavior is taken into consideration (figure 4.4). It can be noted that the 75 percent of the
charging space have cars charging from 7pm to 2am. These charged cars can be used as
distributed resources in the peak hours when the substation is congested. In section 4.6, the
number of such EVs required in case of congestion to beck feed in to the grid has been
discussed.
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Figure 4.2 Parking data in Fordham Bronx

Figure 4.3 Load Data Fordham Bronx
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Figure 4.4 Load Data with night charging Fordham Bronx

4.2. Parking Space Data
The available parking space data to perform EV analysis has been taken from [19]. The
map in figure 4.5 shows the available parking garage and lots in NYC. Since the data from this
source is not in a number tabular form hence there is a gray area in the accuracy of the exact
number of parking spaces. Figure 4.5 shows the map of parking garages in city hall load area.
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Figure 4.5 Parking Data Map

4.3. Number of vehicles
See Table 4.1 for a summary of PEV registrations and PEV penetration rates aggregated
by the size of the county. As shown, penetration rates for BEVs are on average two and a half
times higher in larger, more urban counties (greater than 100,000 registered vehicles) than in
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smaller, more rural counties (less than 100,000 registered vehicles); PHEV penetration rates are
on average 1.6 times higher in the larger, more urban counties, while LSVs are more evenly
distributed across the State. PHEVs are also significantly more numerous than BEVs; in large,
urban counties there are approximately 3.3 PHEVs registered for every BEV, while in small,
rural counties there are approximately 5.3 PHEVs registered for every BEV.
Table 4-1 List of PEV Registrations in New York by County as of September 2014
City

Sep 2014 Registered vehicles

Manhattan
Queens
Brooklyn
Staten Island

PHEV
225
338
180
108

LSV
157
9
14
2

BEV
178
74
50
38

Total
221,916
671,816
408,007
247,692

PEV per 1000
Registrations
PHEV LSV
BEV
1.01
0.71
0.80
0.50
0.01
0.11
0.44
0.03
0.12
0.44
0.01
0.15

Ratio
PHEV/BEV
1.26
4.57
3.60
2.84

4.4. Time of Use and Charging Behavior
Con Edison has been collecting data from customers since September 2014. [12] Con
Edison Concludes that the customers on the standard electricity rate, more than 60 percent of
PEV charging took place during peak, or super-peak hours. By comparison, customers on TOU
rates did virtually all of their PEV charging during non-peak hours. Con Edison’s TOU rates are
shown in table 4.1.
Table 4-2 Con Edison Standard and Voluntary Residential Time of Use Rate

While energy efficiency and demand response can help with peak shaving, the proper
management of future EV load can provide us with an opportunity for better asset utilization. If
we do not manage charging behavior, future EV load could contribute to ―new‖ peaks that
require the use of peak generation plants and affect the life of our transformers and feeder cables.
Clustering of EV charging in certain New York City (NYC) and Westchester neighborhoods and
charging patterns where everyone plugs in at the same time can be detrimental. However, with
new technology and TOU price signals, we may achieve effective staggered, off‐peak charging
for EV load [15].
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A research evaluated over 865,000 charging events for over 4,000 Nissan Leaf drivers
over a 15 month period [12]. On average, these vehicles drove 32.4 miles per day and were
charged 1.1 times per day on days when the vehicle was driven. The data indicated that the Leaf
drivers relied on home charging for 84 percent of all charges and away from home for the
remaining 16 percent of charges. The daytime charges were split relatively evenly between home
and away. Over 80 percent of home charging events were performed overnight and 20 percent
were between trips during the day. Of the 16 percent performed away from home, 88 percent
were daytime Level 1/Level 2 charges. DC fast charges were all away from home during the
daytime and accounted for about one percent of charging events.
Most away-from-home charging occurred at Level 1 or Level 2. Vehicles that were
charged away from home 35 percent of the time or less tended to use DC fast chargers for a
higher percentage of their away-from-home charges than vehicles with more frequent awayfrom-home charging. Vehicles that charged away from home between 30 and 60 percent of the
time averaged 1.5 total charging events per day driven. This behavior enabled these vehicles to
average 43 miles per day. These vehicles averaged enough energy consumption during charging
to recharge over half the battery’s capacity each day.
Con Edison’s EV customers currently fall within 4 charging categories [15]:
1) Residential customers who charge their vehicles at home.
2) Residential customers in multi‐family dwellings who charge their vehicles in monthly parking
garages and lots.
3) Commercial customers who charge their own fleet vehicles.
4) Visitors (transient customers) who charge their vehicles in daily parking garages and lots.
Home overnight charging resulted in an average state of charge (SOC) increase of around
40 percent per charge. All groups averaged around 25 percent SOC increase when charging at
home during the day. Vehicles that were charged most frequently away from home are believed
to have had access to workplace charging. These vehicles’ charging energy was similar to home
overnight charging energy for other groups. According to the researchers, this demonstrates the
viability of workplace charging infrastructure for owners of PEVs that do not have access to
home charging.

4.5. School buses
ConEdison announced in June 2018 that it will use electricity stored in batteries on
electric- powered school buses to support its grid during the hot summer months when busses are
not taking students to classes, the first project of its kind in New York State.
The company will get 75 kilowatts of power during the summer months from the batteries
on five buses. The company will charge the batteries at times when demand for power is low and
then discharge the power into the grid when demand is high – which usually occurs on weekday
afternoons when customers’ use of air conditioners is significant [18].
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4.6. Vehicle to Grid Enabled charging station
The mission electric New York City Electric Vehicle Readiness Plan concludes the
possible EV locations in all five boroughs of NYC as shown in Appendix A. Fast charging in
urban centers may evolve to serve other needs. For example, fast charging may become useful
for commercial users that do not want to size their batteries for rare, exceptionally high usage
days. For them fast charging can be useful as an occasional way to extend their vehicles
usability. Fast charge stations powered by distributed natural gas generators may also be a way to
ensure EV functionality in a blackout [15].
Looking at the Con Edison’s data of NYC. The peak load demand curve in many areas in
NYC is going to touch the substation capacity of that area (see appendix C). Since the City has
identified the potential locations in NYC to install the DC fast chargers to increase the
adaptability of EV by reducing the range anxiety, let us compare those dc fast chargers potential
locations with the Con Edison’s future congested areas to find the feasibility of V2G enabled
EVSE to support the electric grid in case of congestion. These locations are mainly along the
major travel route.
From Figure A.3, Washington heights is the potential load area for DC fast charger, now
comparing this with Figure 4.5, there are enough capacity on the substation to accommodate the
DC fast chargers. However, in this area, Installation of V2G Enabled EVSE will not be affect as
much as the other areas listed below.
In Manhattan; Central Park, Chelsea, City Hall, Cooper Square, Harlem, Lenox Hill,
Madison Square, Triboro and Yorkville. In Bronx; Fordham and Southeast Bronx. In Staten
Island; Fox Hills, Fresh Kills and Willow brook. In Queens; Jamaica. These areas have the
substations with less capability than the forecasted EV load and including the EV loads may
require increasing the substation capability. So the V2G Enabled EVSE is required in these areas
for peak shaving.
The Major parameters that will play big role in selecting these locations for the V2G enabled
EVSEs are:






Parking capacity
Number of vehicles
Parking and charging pattern
Nearby Major Highways.
ConEdison’s network hosting capacity.

Figure 4.6 shows the graph which will show the MW power required to reduce the peak
demand in the particular load area. This will update as the date load area and day and time will
be selected as shown in appendix B. The number of EVs required to shave the peak demand is
based on the calculated field formula mentioned in appendix B. In this case graph values are zero
that means the substation has enough capability to feed loads. Figure 4.7 shows the required
MW, within Jamaica area, from the EVs to compensate for the difference between the loads and
the substation capacities.
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Figure 4.6 Load Data Washington Heights Manhattan

Figure 4.7 MW and Number of EVs Required in Jamaica
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5. Economic and Environmental Benefits
5.1. Policies
Recent New York State policies and programs have committed the State to supporting the
expansion of clean energy and transportation options. Electric vehicles (EVs) represent one of
these clean transportation options. Initiatives such as ChargeNY, which is designed to accelerate
the adoption of EVs and to build EV infrastructure, and the Metropolitan Transit Authority’s
(MTA), which acquired hybrid-electric transit buses, demonstrate the State’s investment in the
future of cleaner transportation. New York’s adoption of policy initiatives like zero emission
vehicle (ZEV) mandates demonstrates the State’s commitment to air quality and health benefits
associated with EVs. In the context of the electric grid, the New York State Public Service
Commission (PSC) proceeding called Reforming the Energy Vision (REV) proposes a more
stable, resilient, clean, and distributed grid infrastructure [13].
Section 177 of the U.S. Clean Air Act allows states to adopt the California Zero Emissions
Vehicle (CA ZEV) regulations with a collective goal of placing 3.3 million zero emission
vehicles (ZEVs) on U.S. roads by 2025. New York is one of eight states that have adopted these
regulations. New York’s adoption of this mandate requires an increasing number of ZEVs to be
sold in New York, starting in 2017 and ramping up to approximately 15 percent of new-vehicle
sales by 2025, resulting in the sale of approximately 800,000 EVs in the State during that
timeframe.

Figure 5.1 EV Industry Participants and their Relationship to Grid-interactive Vehicle
Infrastructure
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5.2. Initiatives
EVs will require regulation by both transportation agencies and electricity sector actors.
These might be the Office of the Governor; the New York State Legislature; and the New York
State Public Service Commission (PSC), supported by the New York State Department of Public
Service (DPS). One of the PSC’s critical roles in promoting a grid-interactive vehicle
infrastructure is the oversight of rate structures that encourage dynamic pricing for EV charging
and other cost-effective incentive programs to encourage the use of EVs as DERs. Statewide
policy initiatives such as REV will likely lead to regulatory changes encouraging grid-interactive
vehicles [13].
The 2015 New York State Energy Plan looks for the following [22]:




Reduce the energy sector’s (power, industry, buildings, and transportation) GHG
emissions 40% from 1990 levels by 2030, translating to a 80% reduction by 2050
Decrease energy consumption in buildings 23% from 2012 levels by 2030
Generate 50% of electricity consumed within New York from renewable energy by 2030

5.2.1. Con Edison’s Initiatives
Con Edison’s SmartCharge NY program offers incentives to eligible EV drivers for charging
in Con Edison’s service territory at off-peak times and provides a $150 incentive for installing
and activating a free connected car device from FleetCarma that allows users (and the Company)
to know where, when, and how much energy an EV consumes during charge events. 48
Participating customers receive $5 per month for keeping the device plugged in and charging in
the Con Edison service territory, as well as earn $0.10 per kWh for charging between midnight
and 8 a.m. on any day in the Con Edison service territory. During the summer (June 1 –
September 30), customers receive an additional $20 when they avoid charging between 2:00 p.m.
and 6:00 p.m. on weekdays. [25].
Con Edison is participating in an initiative led by EPRI in coordination with EV
manufacturers to advance the development of a secure, open platform for utilities, service
providers, and EVs to facilitate integration of EVs into DSM programs and allow EVs to provide
grid services, such as reliability. By relying on a centralized data cloud with open access, a utility
can communicate directly with the EV and access data on vehicle energy use, charging behavior,
and customer response to price signals. Con Edison is currently running an OVGIP pilot with the
owners of 14 Ford EVs and is already receiving data from the platform. The Company is in
discussions with other vehicle manufacturers [25].

5.2.2. City of New York’s Initiatives
PlaNYC, the City’s comprehensive sustainability plan, established an aggressive strategy to
reduce the City’s greenhouse gas emissions in 2030 by 30% from 2005 levels. As part of that
overall goal, transportation emissions, which currently account for 22% of New York City’s total
greenhouse gas emissions, would be reduced by 44% by 2030. The city can also become more
sustainable by making existing vehicles more efficient. For those New Yorkers that will continue
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to rely on the automobile for their mobility needs, these electric vehicles can offer an
improvement over gasoline vehicles in reducing both urban pollution and greenhouse gas
emissions, helping to meet the City’s PlaNYC targets [27].
Facilitating publicly available charging: Many New Yorkers do not park at home, and instead rely on commercial parking garages and
on-street parking. Utilizing federal stimulus funding, electric vehicle chargers are being installed
throughout the metropolitan area, including commercial parking lots. To ensure high private
sector investment in charging, city is working with stakeholders such as: parking garage owners,
co-op boards, consumers, and Con Edison. City is helping all parties understand the technical
and consumer needs associated with electric vehicle chargers as well as the rules and regulations
governing their installation and operation [27].

5.2.3. New York States’ Initiatives
Governor Andrew M. Cuomo announced in May 2018 a new $250 million electric vehicle
expansion initiative, EVolve NY, with the New York Power Authority. In addition to state
funding, the program will also seek to create private sector partnerships through 2025 to
aggressively accelerate the adoption of electric vehicles throughout New York State. NYPA will
be launching several new innovative initiatives to co-invest with private sector partners,
collaborate with partners on identifying new business and ownership models, and increase
customer awareness about electric vehicles and charging. This major investment plan aims to
expand fast charging infrastructure and make EVs more user-friendly for all New Yorkers.
EVolve NY is a key pillar of the Governor's Charge NY 2.0 initiative, which aims to
encourage and support electric car adoption by increasing the number of charging stations
statewide, and will help bring the state closer to its goal of installing at least 10,000 Vcharging
stations by the end of 2021.
The initial phase of primary new programs through the end of 2019, including:




Interstate Fast Chargers - Collaborate with the private sector, and other partners, to identify
and install up to 200 direct current (DC) fast chargers along key interstate corridors - with a
target interval of every 30 miles - and in select urban areas. DC fast chargers have the potential
to charge the latest EV models in as little as 10 minutes for 200 miles of range. NYPA will
collaborate with partners to determine optimal locations focusing on accessibility, convenience,
affordability, and reliability of charging.
Airport Fast Chargers - Leverage public and private partnerships to install DC fast chargers at
or near John F. Kennedy and LaGuardia airports. With more than 20 million passenger car trips
around the airports annually, an EV charging hub has the potential to serve EV drivers within a
200 mile-radius of New York City. Program features may include promoting charger use by
multiple users including rideshare companies, public vehicles, rental agencies,
airport/commercial fleets and potentially buses. This advance will add to the medium-speed
(Level 2) chargers that are already at the airports in indoor parking garages [28].
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5.3. EV Emission
Curbside charging may become important in New York City. In each of the five boroughs,
the percentage of car owners parking on the street ranges from 22 to over 54 percent, a
population that must eventually be served to maximize EV adoption. However, the challenge is
matching supply of curbside charging with demand and taking into consideration the many other
compelling and competing uses for the curb. Currently in New York, garage charging is still not
fully utilized. Other Northeastern cities with chargers in the public right of way have spent
thousands of dollars on installation and also seen lower utilization in those spots than in adjacent
parking. The low usage and high cost of electrifying parking spots makes it difficult for the City
to pursue in the short‐term. However, the City is exploring ways to provide curbside electricity
now that will make curbside electrification easier later, both economically and operationally. The
method New York is looking at is providing electricity through existing light poles for food
vendors. There are 3,000 food trucks and carts in New York City, many of which use high cost,
high pollution generators [15]

Figure 5.2 Pollution from Grid and Generator
In the report [12], based on the current New York Independent System Operator (NYISO)
marginal CO2 and NOx emissions curve the off-peak PEV charging incentivized by the
recommendations would reduce CO2 emissions by one kilogram of CO2 per PEV per year and
would reduce NOx emissions by 0.26 kilograms of NOx per PEV per year. In a high penetration
scenario, this reduction would amass an annual savings in 2030 of 755 metric tons of CO2,
equivalent to the CO2 emissions from the annual energy use of nearly 70 homes in New York
State, and 196 metric tons of NOx, equivalent to fleet average annual NOx emissions from
almost 300,000 gasoline vehicles.
Also, figure 5.4 shows the reduction in CO2 emission by driving EV as opposed to traditional
gasoline vehicle.

5.4. Cost comparison
As shown in figure 5.3, curbside food carts in New York City, per kWh cost with electrical grid
is less than as compared to those low and high efficiency portable generators.

41

Figure 5.3 Costs of Grid and Generator Power

Figure 5.4 Typical Comparison of EV with Gasoline Vehicle
Figure 5.4 shows a typical comparison between EV and gasoline vehicle. A person on average
drive 35Miles per day in NYC [15], and an average gasoline vehicle runs 22 miles per gallon, so,
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transition from gasoline to EV can save $62.94 per month. These calculations are based on
gasoline and electricity price.
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6. Conclusion
This research indicates that the implementation of grid interactive vehicles to act as DER in
NYC to support the grid in future will depend upon the technology and policy. From a practical
application point of view, the growth of EV deployment in New York City will lead to increased
electricity consumption that can be mitigated through indirect or direct charging control of EVs
and, could increase grid efficiency through well-designed programs. As behind-the-meter or
distributed energy storage, grid-interactive EVs have the ability to create multiple benefits, such
as supporting the reliable operation of the grid to greater integration of renewable energy
resources.
EVs can also be grid resources. By compensating EV owners for these various grid
benefits, EVs become more affordable and financially accessible, furthering deployment and
adoption. Both challenges and opportunities exist in the integration of EVs with the grid
The EVs has potential to support grid in NYC specially where the Grid at load areas are
already congested or will be congested in peak hours in summer in upcoming years. The utility
and City will need to implement the V2G enabled charging stations in order to have the EV
support the grid.
This will also help the city to achieve its goal of reducing the Green House Emissions 80
percent by 2050.
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Appendix A

Figure A.1 City Owned Bronx Properties within 1/2 Mile of Major Travel Arteries [15]
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Figure A.2 City Owned Brooklyn Properties within 1/2 Mile of Major Travel Arteries [15]
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Figure A.3 City Owned Manhattan Properties within 1/2 Mile of Major Travel Arteries
[15]
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Figure A.4 City Owned Queens Properties within 1/2 Mile of Major Travel Arteries [15]
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Figure A.5 City Owned Staten Island Properties within 1/2 Mile of Major Travel Arteries
[15]
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Appendix B

Figure B.1 Excel file Dash Board to Analyze Data
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Figure B.2 Calculated Field formulas
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Appendix C

Figure C.1 ConEdison Load Area Central Park Manhattan

Figure C.2 Con Edison Load Area City Hall Manhattan
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Figure C.3 ConEdison Load Area Chelsea Manhattan

Figure C.4 ConEdison Load Area Cooper Square Manhattan
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Figure C.5 ConEdison Load Area Harlem Manhattan

Figure C.6 ConEdison Load Area Lenox Hill Manhattan
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Figure C.7 Con Edison Load Area Madison Square Manhattan

Figure C.8 Con Edison Load Area Plaza Manhattan
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Figure C.9 Con Edison Load Area Triboro Manhattan

Figure C.10 Con Edison Load Area Yorkville Manhattan
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Figure C.11 Con Edison Load Area Fordham Bronx

Figure C.12 Con Edison Load Area Southeast Bronx
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Figure C.13 Con Edison Load Area Fox Hills Staten Island

Figure C.14 Con Edison Load Area Fresh Kills Staten Island
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Figure C.15 Con Edison Load Area Willowbrook Staten Island

Figure C.16 Con Edison Load Area Jamaica Queens
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